| INTRODUC TI ON
The measurement of adenosine deaminase (ADA) activity in pleural fluid is recommended as a useful routine diagnostic test when investigating tuberculous pleuritis. The culture of Mycobacterium tuberculosis, the gold standard for diagnosis, has a long turnaround time. In addition, the direct detection of acid-fast bacillus has a low sensitivity when compared to the ADA activity measurement. 1, 2 ADA is a signaling molecule related to the activation of T lymphocytes, making it a useful inflammation marker, 3 especially for meningitis and tuberculous pleuritis. 4 A laboratory determination of ADA activity is simple, quick, and relatively cheap. It can be performed on several types of biological samples-such as pleural, peritoneal, pericardial, and cerebrospinal fluids, as well as serum-depending on the clinical suspicion. Indeed, the ADA test is currently recommended as an additional diagnostic method for tuberculous pleuritis. 5, 6 Among the methods for ADA activity evaluation, Giusti and Galanti's (1984) colorimetric method is the most commonly applied. This is based on the detection of ammonia formed by ADA action on adenosine. Ammonia is quantified by a reaction with phenol, which generates an indophenol derivative with an intense blue color ( Figure 1B ) that can be spectrophotometrically quantified. 7, 8 This method is often performed through manual or automated techniques, and it can be fully produced by the laboratory itself (ie, it is an in-house method).
There are two available tests for an ADA enzymatic/colorimetric assay registered with the Brazilian Health Regulatory Agency (Anvisa): Biosystems SA of Spain ( Figure 1C ) and Ebram Produtos
Laboratoriais Ltda, SP of Brazil ( Figure 1D ). The latter is based on the enzymatic deamination of adenosine into inosine, which is then converted to hypoxanthine before becoming uric acid and hydrogen peroxide, the latter being monitored kinetically ( Figure 1D ). 9, 10 These commercial tests are expensive, however, hindering their routine use in smaller laboratories and countries with limited resources.
A validation of a proposed in-house method aims to describe its analytical performance through statistical analysis in order to obtain reliable estimates for how well it meets clinical needs. This should naturally be performed before introducing it into the diagnostic routine.
11,12
A validation study requires the use of acceptability criteria.
Validation tests need to have goals for their results, because these are useful when evaluating the performance of a method. 
Ammonia + Hypochlorite + 2 Phenol Indophenol (λ 630 nm)
Inosine + Pi Hypoxanthine + Ribose-1-phosphate Quality specifications based on biological variations take into consideration the physiological fluctuation of the analyte around its homeostatic point. It can be obtained from the intra-and interindividual components, and these are expressed as coefficients of variation (CV) (specifically CVi and CVg, respectively). From this, the allowable imprecision, bias and total analytical error (TAE) can be calculated.
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To validate an in-house method, the literature recommends evaluating the accuracy, precision, measuring interval, sensitivity, specificity, linearity, sample stability, and reference interval (reference values), as well as studying the interferences. 11, 12, 14 It is also recommended for a laboratory to keep records of specifications of a method's performance while the method is in use and for at least two years after its discontinuation. 12 Finally, the validation of an in-house method can provide benefits in the form of cost reduction and less waste and rework, because practitioners can confidently decide to introduce it into their laboratory routine.
In order to reduce costs by offering an in-house manual method for determining ADA activity, we have performed studies to validate the laboratory test in pleural fluid (PF) samples. We compare the results of this with those obtained using a commercial kit, which can be considered a reference point for our biochemical study. 
| MATERIAL S AND ME THODS

| Materials
| Methods
This validation study was developed at the clinical analysis labora- Furthermore, 20 µL of the sample was added to the SB-tube, and 1 mL of 11/125 mmol/L alkaline solution (NaOCl/NaOH) was added to all tubes. After mixing, the tubes were incubated at 37°C for 30 minutes in a water bath. The absorbance was set at 630 nm.
The subsequent study carried out to validate this in-house method is briefly described below:
| Calibration curve
The calibration curve was performed in duplicate using the am- 
| Linearity
The dosage of ammonium was performed using an ammonium sul- Tests were performed three times in duplicate. Linearity was assessed through a visual inspection of the plot, which was examined for outliers, and the residuals plot (ie, the difference between the observed y value and the y value predicted by the equation line for each x value). The distribution of residuals around zero confirms linearity. 
| Analytical sensitivity
According to the Eurachem Guide, 11 the analytical sensitivity is the change in instrument response that corresponds to a proportional measured quantity. This can be obtained through the equation line produced from the calibration curve (f(x) = Ax + B), where the angular coefficient (A) corresponds to the analytical sensitivity.
| Limit of detection and limit of quantification
The limit of detection (LOD) was determined through the formula LOD = 3*SD' 0 , where SD' 0 represents the standard deviation of 10
replicates of PF blank samples divided by the root square of the number of replicates.
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The limit of quantification (LOQ), meanwhile, was determined through the formula LOQ = K*SD' 0 , where constant K is defined as 5
according to the Eurachem Guide. 
| Method working range
The method working range (MWR) was established as the interval between LOQ and linearity, according to the Eurachem Guide. 
| Within-assay precision (repeatability)
As recommended by the Eurachem Guide, 11 the study was performed using the same equipment and with the same reagent, lot, and operator over a short period. Two PF samples with low (26 U/L) and high (120.5 U/L) activities were analyzed with ten replicates in two moments of the same day, generating 20 results for each level. 
| Between-assay precision (reproducibility)
For the reproducibility study, there is intermediate uncertainty because it was performed in a single laboratory. PF sample aliquots with three different activities (low = 5.9 U/L, medium = 23.5 U/L, high = 76.3 U/L) were analyzed five times for 10 days. 11 The withinlaboratory reproducibility standard deviation (SD WL ) was calculated by taking the sum of difference's squares and dividing it by the degrees of freedom (the number of measurements minus one).
The coefficient of variation, CV WL , was calculated as the ratio of the standard deviation to the average and expressed as a percentage.
| Bias
A PF sample with low (6.1 U/L) enzymatic activity was selected for a recovery study in accordance with the Eurachem Guide. 11 The sample was divided into three aliquots, and the calibrator (ADA ® 50.8 U/L) was added to each one of them in order to obtain activities of 17.3, 28.5, and 39.6 U/L (low, medium, and high, respectively).
Each sample was analyzed five times over five days, and the mean activity for each was compared with the expected value. The formula of %Recovery = (obtained mean value/expected value)*100 was used to calculate the apparent recovery.
| Total analytical error
The TAE was estimated using the formula TAE = |bias| + Z*CV, 13 where bias (expressed as a percentage) corresponds to the systematic error percentage, estimated here via the recovery study; Z is the multiplier value related to the level of confidence (1.96 for 95% of confidence); and CV is the percentage of random error (standard deviation), estimated here through the between-assay precision study (CV WL ). 
| Sample stability
| Comparison of methods
An assessment of the in-house method was achieved by comparing it with the equally manual QUIMIADA (Ebram ® ) method, in accordance with the literature. 16 In brief, 40 PF samples comprising the MWR were analyzed using both methods. The results were then evaluated using the Bland-Altman model and Passing-Bablok regression analysis.
| Statistical analysis
Data capture and analysis were performed using Microsoft ® Excel with the help of the Analyse-it software for Microsoft ® Excel (version 4.95).
| RE SULTS
| Calibration curve
The 
| In-house method performance
The performance results for the in-house method are shown in Tables 1 and 2 . Figure 3 presents the results of the linearity study with dilutions corresponding to activities ranging from 0 to 1000 U/L.
The in-house method for the enzymatic activity of ADA showed an MWR ranging from 3.2 to 100 U/L ( Table 1 ).
The repeatability of the in-house method, as evaluated through the CV R , was 2.2% and 1.7% for normal-(26.0 U/L) and high-activity (120.5 U/L) samples, respectively ( Table 2 ). The reproducibility,
given by CV WL , was 5.0%, 8.8%, and 10.4% for samples with high Table 2) . The results for the TAE of the in-house method are presented in Table 2 . 
| Sample stability
The results of the sample stability evaluation are shown in Figure 4 .
The results for the pleural fluid pool with low enzymatic activity
were not considered, because these demonstrated a higher analytical imprecision (CV WL ) than is acceptable at all analyzed temperatures. The best storage temperature for samples of pleural fluid for ADA activity analysis was found to be −20°C, at which samples were stable for up to six days (Figure 4 ). is presented in Figure 5 .
| Comparison study
| D ISCUSS I ON
A definitive diagnosis of tuberculous pleuritis is often challenging. Granulomatous inflammation can be revealed through blind or thoracoscopic pleural biopsies, but these procedures are invasive, require operator expertise, and are not widely available in developing countries. To help overcome the limitations of conventional methods for tuberculous pleuritis diagnosis, such as the lack of sensitive microbiological methods for pleural specimens and the need for invasive procedures like pleural biopsy, the search for biological markers for PF has been the objective of several studies.
ADA activity shows a high accuracy for diagnosing tuberculosis when compared to other tests employed in routine investigations. 1 A recent meta-analysis reported that ADA for pleural fluid has good diagnostic accuracy with a diagnostic sensitivity and specificity of 0.94 and 0.89, respectively. It also appears to have a good negative predictive value for tuberculous pleuritis at a threshold value of around 40 U/L. 6, 17 Consequently, it is imperative to develop a reliable and affordable ADA assay that can be 
| Calibration curve of the in-house method
Using correlation/regression analysis, a correlation between the ammonium sulfate solution and the commercial calibrator would be expected. This is demonstrated by both the coefficients of correlation (r) and determination (R 2 ), as well as by the equation's least-square parameters (slope and intercept) of the best fit line.
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As illustrated in Figure 2 , it can be assumed that the ammonium sulfate pattern is adequate for evaluating the corresponding ADA activity of the samples using the in-house method. However, it is important to highlight that the linear correlation/regression analysis measures the strength of a linear association but not the agreement between the analytical methods. 
| Characteristics and performance of the inhouse method
In comparison with the linearity of the Ebram ® method, which is specified by the manufacturer as up to 200.0 U/L, 10 and the one from Biosystems ® (150.0 U/L), 9 the in-house method presents lower linearity. It is worth noting (Figure 3) , however, that the method was linear until the dilution corresponding to 200 U/L. That said, the NCCLS EP6-A document suggests that a laboratory must determine its own goals for linearity, and these should be less than or equal to the goals for bias. 19 The results from 200 U/L were therefore discarded, because the bias (19%) exceeded the minimum requirement of 10.5%
that we had previously defined according to Westgard's (2016) Nevertheless, the results are unlikely to compromise clinical diagnosis due to the distance from the upper reference limit (40 U/L). 6 The sensitivity of the in-house method was assessed using the slope of the linear regression curve using both ammonium sulfate and commercial calibrator standards (Ebram There are several acceptable alternative methods for determining the LOD (the lowest activity detected by the method but not necessarily quantified), depending on the technology that is being validated, 14 and these can generate quite different results.
The LOD of the in-house method was lower than that of the commercial test from Biosystems negative. In contrast, in areas of high tuberculosis prevalence, a positive ADA determination would have a positive predictive value for tuberculosis of 88%-99%.
2,6
The LOD and LOQ are critical when detecting extremely small amounts of an analyte, and this is necessary to establish the state of a disease or screen for the presence of it. 21 The results between the LOD and LOQ could still be reported, however, and possibly associated with a caveat regarding a higher uncertainty in the result. The characteristics of the in-house method described above do not have a direct influence on errors in measurement results, or they are a consequence of them, so they do not directly endanger the decisions behind the results. The method's performance can be better evaluated using predefined quality goals as analytical specifications based on biological variation, clinical outcomes, published professional recommendations, the current state of the art, and so on.
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A quality specification based on biological variation is more suitable for our objectives, which are focused on the patient, since monitoring is the most demanding medical application of ADA analysis. This analytical performance goal, which is calculated based on the intra-and interindividual biological variation (CVi and CVg) of ADA, 15 allows evaluation of the CV, bias, and TAE of the method (Table 2) . It is a rigorous criterion for evaluating an analytical system, being the minimum specification for the lowest level of requirement and a great goal level for laboratory quality.
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One of the components of analytical imprecision is the withinassay CV (CV R ). The in-house method showed a CV R slightly higher than those declared by the manufacturers of the commercial tests for medium and high levels of ADA activity (Table 2 ). There is no quality specification for this parameter, however. CV R can be thought of as the imprecision inherent in the method. However, because it is a manual method, a robustness study is recommended to verify the interanalyst variability and thus confirm the repeatability of the in-house method with confidence.
The other component of analytical imprecision is the be- (Table 2) .
In a sense, a method that presents high imprecision may hinder the monitoring of laboratory results over time. Borderline results may lead to difficulties when differentiating health or disease situations. Moreover, minor changes in a result could reflect a simple analytical variation in the method rather than an improvement or worsening in a patient's condition. Retesting a sample should always therefore be considered in situation when doubt or inconsistencies exist relating the clinical data. Nevertheless, we still conclude that the method's imprecision for low enzymatic activities does not compromise the clinical decision-making process, because it is far from the decision threshold (40 U/L).
In general, the in-house method demonstrates, through its very low negative bias, a small underestimation, and an optimum performance according to the quality specification based on biological variation ( Table 2 ). Theodorsson (2012) discusses that bias measurement can be accomplished either using several approaches or using a single one. 14 In our study, we sadly could not calculate the bias according to CLSI EP15 using reference materials, 22 because this would cause excessive expenditure for our small laboratory.
We were, however, able to calculate it using the calibration curve (with the calibrator), and this exhibited similar results (not shown).
In addition, the in-house method showed better trueness (as represented by bias) than the Ebram ® commercial test (Table 2) .
Biosystems ® does not specify the trueness of its method.
The accuracy is represented by the precision and trueness of the method (ie, the TAE). Laboratories using inaccurate methods would hardly be able to compare their results with other laboratories, making it important to perform patient monitoring using sequential results from the same laboratory.
The TAE of the in-house method varied from 8.8% to 18.4% with 95% confidence ( Table 2 ). The TAE of the method for samples with high and medium enzymatic activities met the desirable quality specifications (up to 16.7%). For low enzymatic activity, the method showed minimum performance. The inaccuracy inherent in the method therefore did not exceed the biological variation of ADA, thus assuring analytical validation and the method's ability to report reliable and fit-for-purpose results.
| Evaluation of the stability of the pleural fluid samples
The sample stability study evaluated the variation in the analyte under different storage conditions over time. This is important for determining the best storage temperature and the maximum time a sample can be stored for examination or reanalysis when necessary, because any degradation in the analyte or matrix during storage may affect the accuracy of the results.
The maximum allowed variation in the results for stored samples was presumed to be the acceptable random error, which is up to 8.8% according to quality specifications based on biological variation. This ensures that any percentage loss above this value will be related to sample instability rather than any imprecision in the analytical system.
The commercial Ebram ® test specifies stability information only for serum and plasma, which is up to seven days in the refrigerator (2-8°C) or one month when frozen (−20°C). 10 Similar to our results, Biosystems ® reports a seven-day stability for both serum and pleural fluid under refrigeration (2-8°C). 9 The study of the sample stability is complementary to the validation process, but it is an important factor in the pre-analytical phase that needs standardization in order to avoid errors that could affect a clinical interpretation. A Bland-Altman analysis is preferable to a correlation test, because it shows the interval of the agreement. However, it does not specify whether those limits are acceptable or not. Acceptable limits must be defined a priori based on clinical necessity, biological considerations, or other goals. 24 In our comparison study, the statistical analysis shows that even though the methods presented results that correlate, they do not agree. However, despite the fact that the results of the two methods are significantly different on average, the difference (−10.5%) is acceptable according to quality specifications based on biological variation. This suggests that the in-house method is suitable for its intended use and allows proper decisions to be made with a good degree of confidence.
Our study has some limitations in terms of its design. First, the studies were performed individually due to the limited number of PF samples and their volume and stability. Second, there are other parameters that could have been analyzed, such as robustness, different matrices, reference interval, reagent stability, and uncertainty measurement. Further studies are also needed to characterize the pre-analytical, endogenous, and exogenous interferences in the inhouse method for ADA activity measurement. In addition, we have not found a free guide with a complete description of all the needed methodologies. As a small laboratory, we experience difficulties when trying to access internationally accepted standard analysis methods, such as CLSI.
Careful assessment of potential analytical interferences should be undertaken through dialogue between clinicians and laboratory technicians when any discordances between clinical and laboratory data are detected. Although this ADA test has high diagnostic sensitivity and specificity, the ADA test result should be interpreted based on a combination of clinical and laboratory findings. Further studies regarding the measurement of screening biomarkers and rapid tuberculosis diagnosis are therefore suggested. 
